In 1933 Stern (2) used the diffusion method of Northrop and Anson (3) to determine the molecular weights of purified catalase from horse liver, pig liver, cow liver, horse kidney, and cow erythrocytes.
He found the average value for the molecular weight of catalase to be 68,900, and stated that the catalase molecule has a dimension similar to that of hemoglobin.
In 1938 Stern and Wyckoff (4) purified horse liver catalase by adsorption and elution and obtained preparations of a Kat. j. of 4000 to 9000. Using the analytical ultracentrifuge, they observed three components to be present and were able to separate one of these believed to be identical with catalase. It had a Kat. j. of 8500 to 33,400 and a sedimentation constant of s20 = 11 x lo-=.
Stern and Wyckoff estimate the molecular weight as lying between 250,000 and 300,000. They state further that they have found the sedimentation constant of a nearly pure catalase preparation from beef liver to be s-20 = 12 X lo-I3 but do not state whether this beef liver catalase was prepared according to the directions of Sumner and Dounce for the preparation of crystalline catalase (5) .
We have prepared crystalline cow liver catalase, following the Sumner and Dounce method, as described below: Five 300 gm. portions of well ground cow liver were stirred with five 400 cc. portions of 35 per cent dioxane. The material was filtered at room temperature overnight.
To the filtrate, amounting to 1750 cc., we added with stirring 340 cc. of dioxane and filtered the material again in a room at 6". To the 1780 cc. of filtrate we added with * A preliminary articIe describing this determination has been published (1) . 33 stirring 183 cc. of dioxane and filtered the mixture again in the cold. The precipitate was scraped from the filter paper, stirred up with 50 cc. of water and 2 cc. of saliva, and filtered for 2 hours at room temperature, and then overnight in the cold room. The filtrate, which contained some catalase crystals mixed with protein impurity, was centrifuged clear. To the clear supernatant solution we added saturated ammonium sulfate slowly and with cooling. After several hours the crystals of catalase were centrifuged off in the cold room.
It was necessary to centrifuge 2 hours at 2500 R.P.M. to precipitate the crystals completely. The supernatant was discarded, and the catalase crystals were dissolved in 30 cc. of water containing a few drops of phosphate buffer of pH 7.4. The solution of catalase was centrifuged clear and the supernatant solution transferred to another 50 cc. centrifuge tube. To this solution we added saturated ammonium sulfate and acid potassium phosphate cautiously and with cooling. After 3 hours, the resulting crystals of catalase were centrifuged off and dissolved in a solution composed of 5 per cent NaCl and 0.64 per cent phosphate buffer. The solution contained approximately 1 per cent of catalase. The sedimentation constant was determined as described by Svedberg (6). Since our catalase solutions were too deeply colored to permit use of the scale method, the centrifugations were carried out by the light absorption method, with monochromatic light of wave-length 546 rnp. The cell thickness was 12 mm. Table I gives the results of centrifugations at 65,000 R.P.M. (centrifugal force 310,000 times gravity) with phosphate buffers at various pH values.
In the four experiments of Table I the catalase was found to be a homogeneous substance, very slightly contaminated with impurity. Fig. 1 shows sedimentation curves for catalase. At pH 9.9 it was split into smaller molecules.
Two different components with 820 = 1.2 X lo-l3 and s20 = 4.5 X lo-l3 could be distinguished.
When the catalase solution was dialyzed against an acid buffer, it was first precipitated (around the isoelectric point), but after some time (the solution getting more acid) it Difference between the exposures 10 minutes; szo = 11.2 X 10-13. The ordinate represents the relative concentration; the abscissa, the distance from the meniscus in cm.
partly redissolved. The following centrifugations were made in acetate buffers after dialysis.
PH 820 x 10' 2 2.8 1.6 Rather homogeneous 3.2 13.1 Inhomogeneous
The diffusion constants were measured in the steel cell described by Lamm (7) . Here 1 per cent of catalase was present in 5 per cent NaCl, 0.46 per cent Na2HP04, and 0.18 per cent KH2P04. The diffusion curves were found to be almost ideal distribution curves, indicating a homogeneous substance. Here D20 = 4.1 X lo-' sq. cm. per second. Stern (2) found the value D = 7.79 X lo-' sq. cm. per second, but the method used by us is undoubtedly much more accurate. Our value is also in good agreement with diffusion constants determined for other proteins with sedimentation constants around the value found for catalase (compare the table in Svedberg (6)).
The partial specific volume of catalase was determined by weighing a known volume of the solution and of the sodium chloridephosphate solvent.
It was found to be 0.73 ml. per gm.
Molecular Weight of Catalase
Using the formula M = RTszo/Dzo (1 -VP) in which M represents molecular weight, V partial specific volume, and p density of water at 20", we have calculated the molecular weight for crystalline beef liver catalase to be 248,000,1 which is nearly 4-fold the value for horse hemoglobin (6). Sumner and Dounce (5) have found the iron content of crystalline catalase to be approximately 0.1 per cent or about one-fourth that of hemoglobin.
It is, therefore, apparent that crystalline catalase must contain 4 atoms of iron, or the same number as hemoglobin.
1 In our preliminary paper (I) we erroneously reported the molecular weight of catalase to be 263,000 because the distance from the center of rotation of the ultracentrifuge to the index had been wrongly taken, making the value for the sedimentation constant 12.0 instead of 11.3.
